Introduction
============

Nanoemulsions (NEs) are composed of nanoscale droplets of one immiscible liquid dispersed within another. NEs can be considered to be a conventional emulsion that contains very small particles.[@b1-ijn-10-5301] NEs can improve the drug solubility, rate of absorption, and targeted drug delivery. In the case of drug solubility, both hydrophilic and lipophilic drugs can be solubilized in either oil-in-water or water-in-oil NEs, which in turn ensure a better dissolution, because of the extremely small size of the particles. Furthermore, these small particles can easily penetrate through the epithelial layer to ensure a good rate of absorption of the drug. Small particle size facilitates scientists in fixing and controlling optimum dosing, which prevents dose-related toxicities. Therefore, NE has created a new opportunity for scientists to design poorly soluble and less bioavailable drugs in a more accurate way that could not be formulated through conventional methods.[@b2-ijn-10-5301]

Aspirin is one of the most widely used therapeutic substances in humans, being used clinically and by the general population (as a nonprescription drug) for its analgesic, antipyretic, and anti-inflammatory properties.[@b3-ijn-10-5301] No dose of aspirin is free of bleeding risk. Even at a dose as low as 75 mg/day, the risk of upper gastrointestinal bleeding is twice as high as among nonusers.[@b4-ijn-10-5301] Therefore, we aimed to investigate the ability of an aspirin NE preparation to reduce the damage effects of ordinary aspirin on the gastric mucosa.

Materials and methods
=====================

Chemicals
---------

Aspirin (acetylsalicylic acid) was purchased from Sigma Aldrich Co (St Louis, MO, USA). Chemicals used in the preparation of aspirin NE, including propylene glycol monolaurate type II (Lauroglycol), diethylene glycol monoethyl ether (Transcutol), polyoxyl 35 castor oil (Cremophor EL), deionized water, and λ-carrageenan were also purchased from Sigma Aldrich. Transmission electron microscopy (TEM) was used for characterization of nanoparticles (shape and size) ([Figure 1](#f1-ijn-10-5301){ref-type="fig"}).

Preparation of aspirin nanoemulsion
-----------------------------------

Aspirin (200 mg), 10% w/w Lauroglycol 90, 10% w/w Transcutol, 3.52% w/w Cremophor EL, and 76.48% w/v deionized water, treated with 15 minutes' premixing, 20% ultrasonic amplitude, and 70 seconds' irradiation, were presented to provide the most desired physicochemical properties. This technique produces aspirin NEs with a mean droplet diameter of about 200 nm.[@b5-ijn-10-5301],[@b6-ijn-10-5301]

Aspirin NE was prepared by using Lauroglycol 90 as the dispersed phase and deionized water as the continuous phase. Aspirin was first dissolved in Transcutol. The resultant solution was then added into the aqueous phase containing Cremophor EL as the emulsifier to form the emulsion. The premixed emulsion was then further subjected to a second stage of ultrasound treatment by an ultrasonic horn processor.

Characterization of aspirin nanoemulsion
----------------------------------------

### Particle-size analyzes

Mean particle-size diameter and polydispersity index were all measured in a solution form directly after synthesis, using photon correlation spectroscopy (Malvern Instruments, Malvern, UK). Aspirin NEs (2 mL) were added to the quartz cell of the spectroscopy. Measurements were taken in triplicate at 90° to the incident light source.

### Nanoparticle observation

A droplet of aspirin NE was dropped onto copper grids and allowed to dry in air before observation under high-resolution TEM. The TEM-measured droplet size corroborated the results obtained from the particle-size analysis. Both measurements indicated that the average size of nanoparticles was 200 nm (range 150--200 nm). The TEM revealed that the aspirin NE droplets were almost spherical in shape with a homogeneous nanometric size distribution.

Experimental animals
--------------------

This study was approved by the Committee of Scientific Ethics at Beni-Suef University, Egypt, and was carried out in accordance with its guidelines for animal use. A total of 24 male albino Wistar rats weighing on average 160±20 g were used in this study. They were obtained from the animal house of the Research Institute of Ophthalmology, Giza, Egypt. They were kept under suitable conditions for 1 week for adaptation. They were maintained in stainless steel cages in a well-ventilated animal house at normal temperature (22°C±5°C) under a 12:12-hour light--dark cycle. They were fed with a standard diet and given water ad libitum. The rats were randomly divided into four equal groups (six rats each); triplicate experiments were performed for more accurate data. Group 1 (control) rats were given saline orally. Group 2 rats were given a single dose of 1.5 mL/kg blank NE. Group 3 rats were given a single dose of aspirin (30 mg/kg body weight orally). Group 4 rats were given a single dose of aspirin NE (30 mg/kg body weight orally). At 24 hours after the last treatment, rats were killed and gastric tissue quickly excised after dissection of the animals. The tissues were divided into three pieces. The first was kept in formalin 10% for pathological investigation, and the second kept in liquid nitrogen for molecular investigation. The third piece was homogenized in ten volumes of ice-cold phosphate-buffered saline (pH 7) using a Teflon homogenizer (Tissue-Tearor; BioSpec Products Inc, Bartlesville, OK, USA) until a uniform suspension was obtained. The homogenate was centrifuged at 4,000 rpm for 30 minutes at 4°C to separate the supernatant from cellular debris. The supernatant was then used for the estimation of biochemical assays.

Methods
-------

### Biochemical studies

The following parameters were measured in the gastric tissue of the four tested rat groups, according to the instructions of the used kits. Detection of TNFα and iNOS[@b7-ijn-10-5301] in gastric tissue was performed by real-time polymerase chain reaction (RT-PCR): total RNA was extracted with Trizol reagent and purified with an RNeasy column (Qiagen NV, Venlo, the Netherlands) according to the manufacturer's instructions. Total RNA was reverse-transcribed with murine leukemia virus reverse transcriptase and oligo-dT primers ([Table 1](#t1-ijn-10-5301){ref-type="table"}).

SYBR Green Power PCR Master Mix (Thermo Fisher Scientific, Waltham, MA, USA) was used for RT-PCR analysis. Relative differences in expression between groups were expressed using cycle-time values, and these values for genes of interest were first normalized with that of β-actin in the same sample, and then relative differences between groups were expressed as relative increases, setting control as 100% using an SV Total RNA Isolation System (Promega Corporation, Fitchburg, WI, USA) and an RT-PCR kit (Stratagene; Agilent Technologies, Santa Clara, CA, USA).

Determination of prostaglandin E~2~ (PGE-2) in gastric tissue was performed with an enzyme-linked immunosorbent assay kit (Cayman Chemical Company, Ann Arbor, M).[@b8-ijn-10-5301],[@b9-ijn-10-5301] Reduced glutathione (GSH),[@b10-ijn-10-5301] glutathione reductase (GR),[@b11-ijn-10-5301] glutathione peroxidase (GPx),[@b11-ijn-10-5301] catalase,[@b12-ijn-10-5301] superoxide dismutase (SOD),[@b13-ijn-10-5301] and malondialdehyde (MDA)[@b14-ijn-10-5301],[@b15-ijn-10-5301] were measured in gastric tissue using colorimetric assay kits (BioDiagnostic, Giza, Egypt).

### Histopathological examination of the gastric tissue

Hematoxylin and eosin stains were used for histopathological examination of the general structure of the gastric tissue.[@b16-ijn-10-5301]

Statistical analysis
--------------------

Results are expressed for each parameter investigated as means ± standard deviation. One-way analysis of variance was used to compare the different groups, with Tukey's multiple-comparison test used as a post hoc range test. All statistics were carried out using SPSS version 15. Differences were considered statistically significant when *P*\<0.05.

Results
=======

Biochemical changes
-------------------

Measurement showed a significant increase in TNFα in the aspirin-treated group compared to the control group ([Figure 2](#f2-ijn-10-5301){ref-type="fig"}). Moreover, the blank NE group showed a significant decrease in TNFα compared to the aspirin group and a nonsignificant increase compared to the control group. The aspirin NE-treated group showed a significant decrease in TNFα compared to aspirin group (*P*\<0.05).

iNOS in the gastric tissue of the aspirin group showed a significant increase compared to the control group (*P*\<0.05) ([Figure 3](#f3-ijn-10-5301){ref-type="fig"}). The aspirin NE-treated group showed a significant decrease in iNOS level compared to aspirin group. Both blank NE and aspirin NE showed a nonsignificant difference compared to the control group (*P*\<0.05).

Measurement of PGE-2 in the gastric tissue of the four tested rat groups revealed that there was a significant decrease in its level (*P*\<0.05) in group 3 (aspirin-treated group) compared with group 1 (control), while its level significantly increased (*P*\<0.05) in group 4 compared to group 3 ([Figure 4](#f4-ijn-10-5301){ref-type="fig"}).

There was a significant increase in the gastric tissue level of GSH, GR, GPx, catalase and SOD in group 4 compared with group 3. In addition, measurement of the gastric contents of MDA showed a significant increase in its level (*P*\<0.05) in group 4 compared with group 3 ([Tables 2](#t2-ijn-10-5301){ref-type="table"} and [3](#t3-ijn-10-5301){ref-type="table"}).

Histopathological changes
-------------------------

Stomachs of saline-treated control rats (group 1) and blank NE-treated rats (group 2) revealed normal architecture ([Figure 5A and B](#f5-ijn-10-5301){ref-type="fig"}). Stomachs of aspirin-treated rats (group 3) showed massive sloughing to the superficial parts of gastric glands ([Figure 5C and D](#f5-ijn-10-5301){ref-type="fig"}). Stomachs of aspirin NE-treated rats (group 4) revealed normal architecture ([Figure 5E and F](#f5-ijn-10-5301){ref-type="fig"}).

Discussion
==========

Although aspirin is the first drug in the nonsteroidal anti-inflammatory class and has been used for its anti-inflammatory, antipyretic, and analgesic properities,[@b17-ijn-10-5301] every dose causes some superficial loss of cells from the gastric mucosa, leading to mucosal damage in most people, and interferes with gastric ulcer healing.[@b18-ijn-10-5301] This was obvious in the present study, as a single dose of aspirin (30 mg/kg) given orally caused massive injury to the stomach, indicated by significant effects on TNFα, iNOS, and PGE-2 ([Figures 2](#f2-ijn-10-5301){ref-type="fig"}[](#f3-ijn-10-5301){ref-type="fig"}--[4](#f4-ijn-10-5301){ref-type="fig"}). In addition, aspirin resulted in oxidative stress, as the level of MDA significantly increased in rats receiving aspirin. Also, aspirin significantly decreased the activity of the antioxidants GSH, GR, GPx, catalase, and SOD ([Tables 2](#t2-ijn-10-5301){ref-type="table"} and [3](#t3-ijn-10-5301){ref-type="table"}), and histopathological examination of the stomach revealed marked injury ([Figure 5C and D](#f5-ijn-10-5301){ref-type="fig"}). Results of the present work are in accordance with Naito et al[@b19-ijn-10-5301] who summarized that the gastric content of TNFα increased and the expression of TNFα messenger RNA was upregulated after aspirin treatment. TNFα is a proinflammatory cytokine, and has been shown to be a crucial mediator of aspirin-induced gastric mucosal injury.[@b20-ijn-10-5301] Aspirin induces the reactive oxygen metabolites in animal models, which may contribute to mucosal injury.[@b21-ijn-10-5301] Oxygen-derived free radicals play a key role in the mechanism of aspirin-induced acute gastric mucosal lesions.[@b22-ijn-10-5301]

A number of strategies have been adopted in an attempt to reduce the gastrointestinal side effects of aspirin with the development of selective COX-2 inhibitors, which exhibit anti-inflammatory activity (COX-2 inhibition) but with reduced gastrointestinal toxicity (COX-1 inhibition).[@b23-ijn-10-5301] However, studies of the selective COX-2 inhibitors celecoxib and rofecoxib indicated that these agents still produce significant gastrointestinal injury.[@b24-ijn-10-5301] Also, the efficacy of enteri-cally coated aspirin to reduce serious upper gastrointestinal complications when compared to plain aspirin showed a nonsignificant difference.[@b25-ijn-10-5301]

However, there is a lack of studies evaluating the potential protective effect of NE preparation of nonsteroidal anti-inflammatory drugs (including aspirin) on the stomach. Therefore, the current study was constructed to evaluate the effect of an aspirin NE preparation on the stomach in comparison with aspirin.

The results of the present study showed that aspirin NE 30 mg/kg resulted in more protection and less injury to the stomach than aspirin. This was indicated by the significant decrease in TNFα ([Figure 2](#f2-ijn-10-5301){ref-type="fig"}), iNOS ([Figure 3](#f3-ijn-10-5301){ref-type="fig"}), and MDA ([Table 2](#t2-ijn-10-5301){ref-type="table"}) levels and a significant increase in PGE-2 ([Figure 4](#f4-ijn-10-5301){ref-type="fig"}) and GSH levels and GR, GPx, catalase, and SOD activities ([Tables 2](#t2-ijn-10-5301){ref-type="table"} and [3](#t3-ijn-10-5301){ref-type="table"}) than conventional aspirin. With regard to the histopathological examination of the stomach, aspirin NE-treated groups showed less tissue injury ([Figure 5E and F](#f5-ijn-10-5301){ref-type="fig"}).

The obtained results of the current study indicated that aspirin NE is more protective of the stomach than aspirin. As one of the advantages of NEs is that they do not damage healthy human or animal cells, NEs are suitable for human and veterinary therapeutic purposes.[@b26-ijn-10-5301] In addition, fine oil droplets empty rapidly from the stomach and promote a wide distribution of the drug throughout the intestinal tract, thereby minimizing irritation.[@b27-ijn-10-5301] The NE positively influences drug transport and delivery, along with targeting to specific sites.[@b28-ijn-10-5301],[@b29-ijn-10-5301] Interestingly, NE increases the drug-retention time in the target region, and thus it causes less side effects or toxicities because it does not act on unwanted areas of the body, increases bioavailability and retention time, and decreases drug loss.[@b30-ijn-10-5301] This may explain the protective effect of aspirin NE on the stomach compared to conventional aspirin.

Conclusion and recommendations
==============================

We can conclude that aspirin NE 30 mg/kg results in more protection and less injury to the stomach than aspirin. This was indicated by the significant decrease in TNFα, iNOS, and MDA levels and significant increase in PGE-2 and GSH levels and GR, GPx, catalase, and SOD activities than conventional aspirin. Histopathological examination of the stomach confirmed our biochemical and molecular findings, and showed less tissue injury. Further investigations should be undertaken to study accurately the mechanisms of aspirin NE on the stomach wall.
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![Photographs of aspirin-containing nanoemulsions of the present study by transmission electron microscopy.\
**Notes:** (**A**) Shows the size of one of the obtained nanoparticles which equals 155nm. (**B**) Shows an obtained nanoparticle with sphere shape and 200 nm diameter. (**C**) Shows a nanoparticle which is 181.5 nm. (**D** and **E**) Shows dispersed aspirin nanoparticles with a sphere shape.](ijn-10-5301Fig1){#f1-ijn-10-5301}

![Effect of negative control, aspirin, blank nanoemulsion, and aspirin nanoemulsion on TNFα level in gastric tissue.\
**Notes:** \*Significant compared to control; ^\#^significant compared to aspirin (group 3).\
**Abbreviation:** SD, standard deviation.](ijn-10-5301Fig2){#f2-ijn-10-5301}

![Effect of negative control, blank nanoemulsion, aspirin, and aspirin nanoemulsion on iNOS level in gastric tissue.\
**Notes:** \*Significant compared to control; ^\#^significant compared to aspirin (group 3).\
**Abbreviation:** SD, standard deviation.](ijn-10-5301Fig3){#f3-ijn-10-5301}

![Effect of negative control, blank nanoemulsion, aspirin, and aspirin nanoemulsion on PGE-2 level in gastric tissue.\
**Notes:** \*Significant compared to control; ^\#^significant compared to aspirin (group 3).\
**Abbreviations:** SD, standard deviation; PGE-2, prostaglandin E~2~.](ijn-10-5301Fig4){#f4-ijn-10-5301}

![Photomicrographs.\
**Notes:** (**A**, **B**) Stomachs of the control group (group 1) and blank nanoemulsion-treated group (group 2), showing normal stomach architecture (H&E, 200×); (**C**, **D**) stomachs of the aspirin-treated group (group 3), showing massive sloughing of the superficial parts of gastric glands (arrows) (H&E, 200×). (**D**) shows more damaged epithelium than in (**C**) and the sloughing tissue occurs at a larger area. (**E**, **F**) stomachs of the aspirin nanoemulsion-treated group (group 4), showing normal gastric gland architecture (H&E, 200×). (**F**) Shows more healthy and intact gastric epithelium with no inflammatory cells infiltration than in (**E**).\
**Abbreviation:** H&E, hematoxylin and eosin.](ijn-10-5301Fig5){#f5-ijn-10-5301}

###### 

Primers of the tested parameters

            Forward primer           Reverse primer
  --------- ------------------------ ------------------------
  β-actin   GGCCAACCGTGAAAAGATGA     CAGCCTGGATGGCTACGTACA
  TNFα      CGTCGTAGCAAACCACCAAG     ACACAGAGCAATGACTCCAAAG
  iNOS      CGGTTCACAGTCTTGGTGAAAG   CAGGTGTTCCCCAGGTAGGTAG

###### 

Levels of GSH, GR, and GPx in gastric tissue in different groups

  Groups                           Mean ± SD of GSH (mmol/g)                              Mean ± SD of GR (U/g)                                    Mean ± SD of GPx (U/g)
  -------------------------------- ------------------------------------------------------ -------------------------------------------------------- --------------------------------------------------------
  Group 1 (control)                47.8±6                                                 313±19.6                                                 131.4±15.3
  Group 2 (blank nanoemulsion)     43.5±5.3                                               300.1±14.6                                               122.9±7.4
  Group 3 (aspirin)                32.9±3.6[\*](#tfn1-ijn-10-5301){ref-type="table-fn"}   131.2±16.8[\*](#tfn1-ijn-10-5301){ref-type="table-fn"}   76.2±5.3[\*](#tfn1-ijn-10-5301){ref-type="table-fn"}
  Group 4 (aspirin nanoemulsion)   45.7±3.5[\#](#tfn2-ijn-10-5301){ref-type="table-fn"}   310.4±37[\#](#tfn2-ijn-10-5301){ref-type="table-fn"}     131.2±15.4[\#](#tfn2-ijn-10-5301){ref-type="table-fn"}

**Notes:**

Significant variation at *P*\<0.05 compared to the control group, blank nanoemulsion group and aspirin nanoemulsion group.

Significant variation at *P*\<0.05 compared with the aspirin group but there was no significant difference compared to both control and blank nanemulsion groups..

**Abbreviations:** GSH, glutathione; GR, glutathione reductase; GPx, glutathione peroxidase; SD, standard deviation.

###### 

Levels of catalase, SOD, and MDA in gastric tissue in different groups

  Groups                           Mean ± SD of catalase (U/g)                           Mean ± SD of SOD (U/g)                                    Mean ± SD of MDA (nmol/g)
  -------------------------------- ----------------------------------------------------- --------------------------------------------------------- -------------------------------------------------------
  Group 1 (control)                2.3±0.3                                               72.1±9.7                                                  38.5±3.7
  Group 2 (blank nanoemulsion)     2.3±0.4                                               69.8±3.5                                                  42.5±3.4
  Group 3 (aspirin)                1.3±0.5[\*](#tfn4-ijn-10-5301){ref-type="table-fn"}   43.8±5.7[\*](#tfn4-ijn-10-5301){ref-type="table-fn"}      49.6±7.8[\*](#tfn4-ijn-10-5301){ref-type="table-fn"}
  Group 4 (aspirin nanoemulsion)   2.1±0.3[\#](#tfn4-ijn-10-5301){ref-type="table-fn"}   55.3±5.8[\*,\#](#tfn4-ijn-10-5301){ref-type="table-fn"}   39.01±4.6[\#](#tfn4-ijn-10-5301){ref-type="table-fn"}

**Note:**

Significant variation at *P*\<0.05.

**Abbreviations:** SOD, superoxide dismutase; MDA, malondialdehyde; SD, standard deviation.
